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(54) DIFFERENTIAL GEAR AND CLUTCH DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain stable large differential limiting 
force by driving a radial piston pump by relative rotation of a cylinder 
member and a cam member when differential rotation is generated to 
differential mechanism, and actuating a hydraulic actuator with the 
delivery pressure to lock a friction clutch. 

SOLUTION: When differential rotation is generated to differential gear 
mechanism 39, a pump case 63 and a cam member 73 are relatively 
rotated, and a radial piston pump 47 is actuated by a cam face 91 of the 
cam member 73. A radial piston 75 pushed by a protruding part of the 
cam face 91 at this time is pushed into a cylinder 93. and the radial 
piston 75 opposed to a recessed part of the cam face 91 is pushed back 
onto the recessed part side. In the cylinder 93 with the radial piston 75 
pushed therein, a discharge side check valve 81 is opened, and in the 
cylinder 93 with the radial piston 75 pushed back, an intake side check 
valve 79 is opened. A multiple disk clutch 43 is locked by actuation of a 
hydraulic actuator 45 to limit operation of operating gear mechanism 39. 
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•y^M;l/77 9tts x7y-7.3®*/^>-7fcjg^*tl 
d^yy^y-Xe 3«Dtfti^9 5^/t-LT>^';>:Jf9 3(Cl 
il-r^S^A'-K- h 9 7 ils CtD5iA>1^- h 9 7 ^9i^7 

;i/exhy7 5»6iap^ts^^;i'79 9^3^)^?>^fiK$ 

nrfeUs ;^;l/7"9 9lCj;S!RA4?-h 9 7 (OmWLtm 

mt\z.^K). ®A'K-h 9 7*^e>^Uy^^9 3^;*-'<;l' 
^i^filWtCs ->'jy^9 3A^e)®A3J<-F 9 7^©M 

[0 0 6 8] m\tm^\Zm-tii^K. liffiiftlOS^x 

•y^'/^;l'78 1 «s -i^yy-ir-xe 3{cJ^fi5tJn->'J> 
^'9 Ztm&T^'^a.JL—St 4 5<Dyvy'^6 9t^m 
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s-rsiiffl^-h 1 0 1 ctDqtai^^-b 1 0 
1 (omntrmtiz^*). ^xt^-h i o i ti^p>mm7 

[0 0 6 9] Heic^-rJcdt. M;i/:/i03», 

A:iJ<- M 0 1 ^r«W^U- hV^;!/^ 1 0 5 

>t) 0 6 (Mm T'-#c{cLs ^#^^(C 10 

[00 7 0] ^z^— 7<D{||ffi(i:ti^^'>'l'2}?^>y h 1 0 7 

*/^-7 }i(Dmr't-C)im. i o q^&j^^l 
<i (ot^ji^m 1 0 9 (c^n LT v->i>o 

[00 7 1] ;i--r;L'3J<';r-y h l 0 7 1 

1 i*<gsigg*nTfe»3> co;r'f';ww:/i i 20 

jit) 1 0 1 0 9 i:^Sjitrv^5o 

[0 0 7 2] X. taffi7^^a.X-^4 5cDexh^6 
1 {i:tt;j-y 1 1 3)!)^tt€)tirv^§o 
[0 0 7 3] CdtT. T77Uy«>-V';l'OTl*^Sfi!t 

[0 0 7 4] Mi«)4i'-¥i^^3 9{cMi&iiiS*^^i;st. 
^i^7;be7.h>3}<>y4 7fC:feV^T. r7'^-X3(II 
©3}?y:/y-7. 6 3 J:fe+)--r K^^A' 2 5tl©AiAgM^7 

T;i/Vf X h y^>':/4 7 *^fm-rSo 

[0 0 7 5] CtDtt. ;?jA®9 l©iOig|58 7 fcJ¥^n 
fc^i^*7;l/tfx h > 7 5 {in-r;W^fe 7 7 <DM^*{cSt 
LXiyV>-S!^9 3{<:}¥LiiSn, *AtB9 ICDDflgPS 9 

[007 6] ^i^T/l/tfXhV? 5;b'«if LjA$nfc'>U 

^nrtfijET^^ax-^ 4 5{c;t-r;i/7t)^3ge)nSo 

[0 0 7 7] X. ^$/*7;l/tfXhy7 53b^J¥LM^tlfc 
i/ U >^ 9 3 -eti, ;a--i';l/0^ffiJ<: i o TtttUfflil^x 
^^;Vl/:r8 l*^P^a^?n> !SAfil!l^x'y^>'VV:^7 9*^ 

rm-^nr. t^jVM'o 1 o*^?);i-'f';w-?'i'7'i 1 1 1 

t-^jimi 0 9 t^-Xts-hd 7 i:?ai^9 5 i:^/^LT 

[0 0 7 8] mw3^^mm3 9m^-rti<D:^\^icmw]^ 

titi. t^imK) 1 0)b^e.*-r;l'5b^S^W{<:!RV^±tf 5) 50 
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nT?ftff7^^aX-:J?4 5{i:3^e)tlSo 

[0 0 7 9] ;i--r;l/*^jM?>n«i:s }*ff7^f^ax-^ 
4 5ttexhy6 l^:0-LT^«^^'y^4 3^}¥jEL 

[0 0 8 0] il9Lr^P)n/c^«a^^'y9^4 3 0^ 
[0 0 8 1] X. ?ftffi7^^aX-^f 4 SOi^U^^^^e 

9ic:j--r;i/E*^i!in^e)nsi:. t^MmKhtz^%t 

Hi*n> fPffi*tifc;i-'r;Wi^«^v-y^4 3. Mii^ 
•Vil«3 9©#:^s^^)Pi*^^V>g|5fc^l!jgP. ex;i-y4S 
-\'2 3fce:i;i->$^^7h 1 7 Slf^®7 «y 3 3 i: 

©jgijgp^H^jim x7'^-x3{c^itp>n/c:rjflp 
1 1 st^^m'btixnmmm-^n. Ty^^^v^ot 

-r;l/jS«? 1 O^MSo 

[0 0 8 2] X^ ^$^7;l/fe!Xhy4?>':/4 7tt:t-r;l' 

atl7b^^i>^V>±{C. ^v^*7;Vtr7> h y 7 5 v"; y:$^9 
3<D^yh^l OiSfii^TV^S*^?). :t'r;Pan<D^V> 

^^^-^^y;/^ 1 -b^y hfflv^/c@ 1 1 (om^mt^^s-^ 

[0 0 8 3] SfoTs x7Tlxyi/^;V^«l^fflV^fc 

migic (AN) 3b^fiV^i:tT-t.?E^:&M»*Jll«ltgj!)^# 

[0 0 8 4] Xv ±fH®J;^{c. 3-r;Wfte7 7«9s^ 
7;l'e7. h y 7 5 0)ii^;^i^^itTMty<fc ^ {c^^^ti 
TV>S*^6, MI!ililiiKa*^:*:t<±»-rsi:. •7':^7;l/ 

l£Xhy7 5cOXha-^*VJv$<:&^Tliffiffi*^T 

^«^^>y^4 3©^iiSJaa:vi^7;l/exhy>1? 
yy4 7c03j^y7°tt»i:AHgM$n. MiJD-y^:^)^155ih 

?nsx. 9i^7;n:f7.h>'d?y:/4 7«:a-'f;i/otae 
^fttt^^^nti: < v^*^6.> t-fjKDU&tf^yti^-^x 

[0 08 5] m^x. ^m^£Ei^t^jiuMif^^^i^± 

[008 6] X> 3^;Wffe7 7(C<k^T^i^7;l/tf7. 

hyj 5^ti2^m9 i(D\H]^8 9ic^umm-r^oic 
ii^m.Lxmmmmm7f^n. mi'Ptmmi^^^^xm 
[0 0 8 7] X. ^mim^m(o:i'<Mm7 7ii.^m 
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[0 0 8 8] X. 4^■V!Ky:/%ffi^/^fc<li:^^:J:oTM^i 
[0 0 8 9] £:o<fc^{c, ^xy^/Vl/:/tgl« (^i-y 

t^;W7 9. 8 1) \tm&mm--^%^n^m^'>fs. 

[0 0 9 0] X. iy:m{||^x-y^n;l/:/8 1 ti::feV^T. 

'jyya5$ji 0 6^aa5i:LT^s<Dij-F/vi':ri o 

[0 0 9 1] Mfc. ±fHiOJ;^t<:. ^v'T/Hfx 

[0 0 9 2] ^^{c. mi tmsiciifo^^mtDrnzmm 
6. 8. 9. 1 1 ©fff^^mrv^So mnnKDrnM 

BBOTyrlyy-y^fimSl 1 7^^U 08«07 
[0 0 9 3] ^43. M2||i6l6}g®cOKigii:07 i;08{c 

-B> D-D, E-E»iffi^i, 01O^A-A, B- 
B, D-D, E-E»fffii:PI-l?feSo 

[0 0 9 4] T77lx:/i/+;l/gBl 17«. Mi&i^^ 
3 9. ^m-^^-ji-A 3, rEBE7^^aX-^ 4 5. 7 

i^7;l'e7. h 1 i 9. :3-r;Wi'tei 2 1 (-fx 

[0 0 9 5] mi tmSKT^-tiioK. vi^7;l/bfXh 

y.K^T'i 1 9«. fy^-xzo^^mmz-^miinx 

^K). ^i^yiZ-^-Xe 3, *Aa5^*7 3, 1 O^iO^i^ 
7;HfXh>123, 1 0<@^)3-r;H^te7 7, 
7;l/exh> 1 2 3«{cES?nrc®All^x>y^/^;l/ 
yi 9SU*ia:tt}ffl[|f'x>y^/^;l//8 1 ^ii^^^^^n 

[0 0 9 6] =S-^->*7;l'tfXh> 1 2 3a.i^y:/-!r-7> 
6 3tDi/'J>i5^9 3{CgHS^tlT:teO, ^^-fM£tel 50 
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7tt^i^7;l/exh:/l 2 3*j!7AgP#7 3©*Aii9 

1 tcifEELTV^^o 

[0 0 9 7] vv^7;l/exhyi 2 3{i:{i. @73lRli^{|| 

^tffiLSBl 2 5«> =y'Jrj-\^\L7.Yy\ 2 3*^;<7A® 
9 Uc<J;-:>Tv'Uy^5^9 3{i:ifLiA$ti/ci:t. #9^x 
>y^;VP:r7 9, 8 1CD?SK9 5 i:iy:ffi^1<-h 1 0 1 

[0 0 9 8] ^i^7;H:fxhi^i 2 3l<:c:oi:d^^t 
tllLgPl 2 5^^ttfcJli:{c<i:D. #>^';>'3f9 3<0;^- 

[0 0 9 9] X. n-l'/Wffe 1 2 1 tt?fiff7:>5^jLX- 
^4 S^bTXhye 1 i:-9-'fK^'V2 5i:(DKfcgBS? 
nr^fet), tfxhye i^^ruTiiajti^x'y^'/vi/:/ 

8 lcDU-hVVl/:/l 0 5^ffffiLTl^-5o 

[0 10 0] c^LT, r77P:/>'+;b^Bi i lif^ 

[0 10 1] T:77U>i^-V;l'^Hl 1 7T?tt, 7^7 T 

mti^^i^^t. ^vn\^\i7.Yyif-y^ \ i9;b^f^gj 

U ;<7i:.®9 l©al»8 7 t3'f;Wffe7 7fCj:-DT'7 
^J7l\^\±7.Yy\ 2 3*^a«ttt. ?SEE7^9^aX-i5r 
4 5tc^-r;V*^jiie.ti, ^S^7>y^ 4 3 00^5x2: 
v>^7;l/exh:yd<>':/i i 9 0d?yytt»i:{i:<k^T 
Mi&^^«l^3 9©iiili*^Mi®$tiSo 
[0 10 2] X. ti^*eaifcs^:oT. -^^ixmns^'^fs. 

:>^'J>:5^IS(D^V^7i^7;l't!7.h>'d<^yi 1 9^ 

(AN) *Mfiv^^:tT't,?E^^*Mi^I$lJls^atg3bMien 

So 

[0 10 3] x> *^;i/©igSISfl:tcKS$n{c<v>7 
'Jrj\^\i7.Yyitsy:f\ i 9«. ;i-'r;l'CDiaS*^T*^t? 

[0 10 4] cntci/p^T, 7i^7;l/exh>'l 2 3tC 
Sttfcgi^taiLgPl 2 5JC<kl9>"J>':Sf'"9 3<D;j--r;l/^ 
fi*^?i^!>"rS*>e>, =&^/'j:/^9 3{CfeV^T'>:5:V^:^--r 

SirLi:^i^7;pexhy.-Ky7°i l 9C0.1^y7"tt»)!)^^ 
nfclttiAL, Mgj«:^l*Wt5n<5o 
[0 10 5] Htc, n-f^Uffel 2 nc<t^r?*JBE7^ 
f^aX-^4 5(Dtr7.h:/6 1 ^ttffiilij^x >y ^/^;l/7 
8 10U-hVVb7"l 0 5{C}fELrv^5*^?). •7i^7 
71/^7. h>'/K>':^l 1 9 5t)^?>jftE7^^aX-^ 4 5CD 

->';:^^6 9fcMA-r5;i--r;K03»i^*^R&±^ti, Mil 
[0 10 6] x77U>^->+;l/^fil 1 l\t. ±iBOflfi 
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[0 10 7] ^^3. ±fe(On-f;Vlftel 2 1 It. rftET 

^^iX-:J? 4 Sioexhye 1 i:'j-hv^;i/:/i o 5 
[0 10 8] <in«M««i o^)^^T'fe»?> n-cMi 

fel 2 i:&C(7)J;d{cSHg1-5iii:{cJ:oT. ttdilll^ 

[0 10 9] <l(0-(--y\)\^V)\y^\z^y). SSS-^idPji 10 
[0 110] ^{^:^ 09i:0i 0fcj:?)2|c%g9<^^3ll 

>'i/-^';UgBl 2 7^^U 01 Ott09©G-G»r® 
[0 111] ^43. ^3^St5Jg^©iJi^i;09i:0i 0 

ii^^tt. mmj^^^imm'r?>o x^ ei9®§a- 20 

A. B-B. D-D. E-E»fffi«. 01©=&A-A, 
B-B. D-D. E-EirSfc|W|— -e^So 

[0 112] r77ix^i^+;i'S«i 2 7ti. mmm 

3 9. ^S^^'y^4 3. ?*ffiT^^aX-^4 5. 7 

i^7;i/exh>4<>:/i 2 9:&HA>5.^fig$nTv^«o 

[0 113] 09i:0i otc;^-r<fc^{i:. 9v^T;l/e7. 
hy;K>:/i 2 9ti. r7';r-7>3©^P5i^ti:iH«;Jti 
rfet). .Kv^'y-xe 3. iji^mti 3 K 1 offl® 

^i^T;l'exhy 1 3 3. =&^v'T;l/tf7.hy 1 3 3© 
tcEB$n/cKAfi«^x-y^/^;l/:/7 gRtfttaHi^x 30 

[0 114] ^^i^r)m7.hyi 3 3tt3j<y:/'y-x 

6 3C9i/';>'^z'9 3 (CiHB^tlTV^So 
[0 115] ;?7Agi5M 1 3 1 tt4?Xgl52 9 i:<DK{C^it 

e.nfcx:^^-r :/gf!8 5{cj:-3T-9--i'F4=-¥2 sfcas 

-X3 i:©P^}ciHlSiafj:EB^nTV^So i 
3 1 ^r7'>--X3&Z>M<^^:/'>--X6 3 iKOm^^it^ 

ti^nx^xh7'yi^^ 9 2 3b^lBB*ti. ifl&tcjcsc: 

[0 116] mi'OiC^t^ol^. ■^l.^i^l 3 Hctt 

[0 1 17] ^^i^7f\^\^7.h>\ 3 3lC«ey 1 3 7 
(CigP) *^@^*tirfet>. coey 1 3 7«;^jAg|5*^ 
1 3 l(OtlL.mi 3 SlC'^-aUTV^So e^oT. ^-y^ 
^~X6 3 (i^U>^9 3) 1 3 1 

Bfe-rSi:. 9S^7;l/tfXh>'l 3 3«CCD;^i»jil 3 

[0 1 1 8] Ji^i^fe. tfy 1 3 7 ^;;i7Aji l 3 5« 
^'>"7;Hfx h > 1 3 3 >&^*JW{Ci^i!)^-&S^$lKti) 50 



#rja¥ 10-220557 
16 

[0 119] cauT, r77U:^i^-fr;l/^Bl 2 7*^ 

[0 12 0] r77U>^^^-^;i'SBi 2 7-e«. fyy 

uyiy^mmi. 1 1 7 tmmic. mwj^^mmz 9 

{c||ij[HiS5b^4U5t. d^yT'-y-xe 3i:*Ag|5*^ 1 

3 1 tf)'imMm^LX^i^Tfl^7.Vy:i^yfl 2 9t>^ 

[0 12 1] COt^. =S-vv^7;l'exh>l 3 3titf 
> 1 3 7 ttlhm 1 3 5 i(D^-^{C<fcoT^^JW{<:S« 

mu vi^7;i/vfxhyi 3 3*^jfLii^$n/'c>";:^^^ 

7 9A?^s$n. qttiiffl!i^x>y^/vi'7'8 lA^iflite^n 
r?ftE7^f^ax-^4 5tc;i--r;i/*^3ien. ^s^7;i/ 

ifXhyi 3 3 3b^§ltM?n/ci/Uyi5^9 3T'«. ;i--r 

n. ®xfflfl^x«y^/^;i'7"7 9*w*nT. Jt-r/i/jg 

t) 1 o;!)^e)Ji--r;i'*^®v^±tfe>n5o 

[0 12 2] mm^'^mms 9t%^irti<Dy5\^izmm^ 

mLXi>. <:0<}:dJCLT;i--f';V*^?fi£E7^^aX-:Jr 

exhyjK>7"i 2 9tD.rHy7'tt»i:ti:a:oTMi&+*-V 

t§l«3 9©Mij*^«^n5o 
[0 1 2 3] X. :^--r;i4an*^^:&<. 

i^^>'7;i/tfxh>j|?>''/i 2 9^m^rccti^^-Dr 

^ic^mtzcti^xt^tm^. mwj^WL (an) 

[0 12 4] X. 4--r;l/OSiK^{fc{i:^g$n{i:<v>'7 
iP7;v\i7.hy^-yfi 2 9«. ^t-f/Utoag^^T*^^ 

[0 12 5] ;*jASI5** 1 3 l£D*A?il 3 5(C^i^ 
7;VV;X h y 1 3 3 £Dtf y 1 3 7 *^^-&$"ii:T^*Jf^ 

[0 12 6] x7Tl^y->-V;Ugfil 2 7tt. ±f3©flfi 
[0 12 7] rji^. *%B^{C:fel/^T. 

[0 12 8] C^D<fc^^Mil)+>aii^fflV^n^i^ ^© 

YMm^mmmmmz.]\v^xx. mm^-^^tir 

[0 12 9] X. mmWmo^^'yy^it^^^^y^- 
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[0 1 3 0] c(D^m<DTy7}yyi/^)vmmii. 

^Tyruy-y^jimm) v-^^fy {::^y'Jy<r>m 
mti^i^<r>minrL^mt^y'y7vy'y^)\^mm) 
-ty-^-i'y i:^yt^yo:)m}ti^BMmmtic 

[0 13 1] 10 

i^co^m mim i (OTyrvyiy^fV^mx^it. 
m^'!7^-j^(ommm.t^i>7)\^\f.7.hyifsyycoif^ 

So 

[0 1 3 2] X. t^)vmnco^\^^^'^fsyy:^m^^rz 

71/^7. h ytiyV y^(D-ii-j h^0-m&mxrc^i^T?v 
i^T.hy^-y'f^m^^rcctizi:^. ^^rjit^fv^ia 

tmc. mmmmmmt)m^u mm^m^ (an) 

[0 1 3 3] X. 5'i^7?l\^7.Vy^^yyiit^;V(DU 

!®:tl3!)^^?.ti5o 
[0 13 4] iitoT^ :t^Jimtf±tii&t^m'^'rtcisb 

icii'.y'f^±t<t?>imi3^ii\^^t^ib. m^mtm:-^ 
X. Ty7]yyiy^fV^mti^i:.mitLmmitt^ctts^ 30 

[0 13 5] X. ^^-^^-Ky^ilM^oT. 9i^7;l/ex 

h y^syfit\3imii\^tf^^t^x^^X^]Pit^m\^ 

[0 13 6] m^2(0i7^-^i'mmvit. 

^mmmit'7V7)V}i7. V yifsy-fo^if^y^^mt 

\z^^xmti^^mt^o 
[0 1 3 7] ^^;i/?^ti*^i!>:&<> 

[0 13 8] X. :i--r;l/Oiag7b^T5b^oTfe7i^7;l/e 

7.Yyif-y:f\z.i:-oxm\^'^m!,mmhn^ti^fb. so 



10-220557 

18 

[0 13 9] X^ qtmfficDl^V^^i^T/l/exhy^Kyy 
v^/c Ji i: {c i ^ T ^ V -y ^gB^/jN^l^ltc^^r' 

[0 14 0] 9s^7;nfxh>:}^y:/%fflv^rc<i 
i^T. ^/^■ftl©|5Ilte:^l^■^t>i^I:^eB*^RrlgT♦feSo 

[0 14 1] is*«3Ia«©%ra«^ nim2(om^t 
[0 14 2] m^^AmLom^it. n^sixttti* 

y^^tt>h^mt'^miMmu<mnmmt^t. 

mim 2 Xtt 3 ^ -y ^SB-^«l8l^fcili:f3e^ 

[0 14 3] lf*S5fS«©^«^ m*S4©«^il 

[0 14 4] i»^]S6fH«<Dii^«. mimsomwLt 

SBT*tt. MI!HiIiitoSc*^:*c#<±#tfcfc#©MilD«y 
;l/ ^ A:'3 L fc i: t ©^^^ 7 y ^B:C;MIK»i«®at^ 
[0 14 5] It#«7i5a©%i9«> lf*«4®^figi: 

[0 14 6] fi5i^«8ismo%^ji. mimiTj^m^ 

[0 14 7] m^m9im(D^mii. m^mmmm^ 

mtic^^xfitmm'f-jiyd^^vifijmEfEti. t^jv 

<Dwmi'^^^-^r\.^ti^h. 'fy7vy^y^)V^m<DmW] 

[0 14 8] 1 oie^o^wtt. 1 Tb^n 



(11) 

19 

[0 14 9] C<0-(:^iy-VJVhfl^^lci:^X. fyjU 

[0 15 0] 1 1 m.<D^ii. m^m i 
Mm 1 0 <D\,^trii)^<Dm^t ^mmm^n^ t 

[0ffi£Offi¥^|tt^] 

[0 1 ] 1 ^SiJ^II*^1-»Tffi0T'fc«o 

[02] 01(DA-A»rffi0-efeSo 

[03] 01©B-B»rffl0T'365o 

[04] 01<OC-C»T®0-efe«o 

[05] 01OD-D»fffi0T?«So 20 

[06] 01(DE-E»fffi0T*fe-5o 

[07] im^oy^^nwrn^^m^mmxh^o 

[08] 07(DF-F»Tffi0T'^'So 

[09] 2|c%K©^3^i6fiJgSI*^-r»f®0'T?feSo 

[01 0] 09(DG-Gffffi0-^$.«o 

[011] 'mmmmwa^^o 

K 1 1 7> 127 TyrXyyy^jy/^m. 

3 r7y-x * 
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1 0 ;i--r;V?@«P 

2 5. 2 7 mi<m'<y'^'^ 

3 9 

4 3 (^"^^-yf") 
4 5 tfiEE7^^aX-:$f 

4 7. 119> 129 7v'7;Ue7.h>'JK>':/ 
6 1 ?Sffi7^^a.X-:Jf(0e7>h:y 

6 3 7S^7;Hfxhi^3H:/:/®jK:/:/y-x (i/uy 

6 9 rAEE7^f^aX-;5f<Oi^l)y^ 

7 3. 13 1 tihW^ 

7 5. 1 2 3. 1 3 3 '7VT)\/yt7.Yy 

7 7 n^^Wfte : h :^03S^J 

7 9 !SAll!lf-x^>'^;l/:/ 

8 1 ^mtf-s.^}^iw 

9 1 ;^;Xsg|5#7 3©;«7A® 

9 7 h 

1 0 1 ttmd?- h 

1 0 3 t^A/f 

1 0 5 u-hwv:7 (/Vi':/^) 

10 6 u yygp^ 

125 ^i^7;VtfXhy 1 2 3<D^ttfltg|5 

1 3 5 tiKmis \z\<DtiLM mumi^wo 

13 7 \^y (9i^T;l/t?X h >' 1 3 3 : SH^Jft 
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Concise Explanation of JP 10-220557 

From column 8, line 25 to column 13, line 25, 

5 [0049] 

[Embodiment of the Invention] Here will be explained the first 
embodiment of the present invention with reference to Figs. 1 to 6. This 
embodiment comprises features of claims 1, 4, 5, 6 and 8. Fig. 1 illustrates a 
deferential apparatus 1 of this embodiment. Here, horizontal direction of the 

10 apparatus corresponds to the horizontal direction in Fig. 1. Members not 
allotted a reference nimieral are not illustrated therein. As illustrated in Fig. 1, a 
deferential case 3 is structured by fixing a cover 7 with a main casing 5 by a bolt 8. 
a seal ring 9 is interposed between the main casing 5 and the cover 7 for the 
purpose of preventing an oil leakage. 

15 [0050] As illustrated in Fig. 1, a deferential case 3 is structured by fixing 

a cover 7 with a main casing 5 by a bolt 8. A seal ring 9 is interposed between 
the main casing 5 arid the cover 7 for the purpose of preventing an oil leakage. 
The deferential case 3 is positioned inside of a deferential carrier, and an oil 
reservoir 10 is formed in the deferential carrier. 

20 [0051] Boss portions 11 and 12 are respectively supported by the 

deferential carrier through a bearing on both right and left side of the deferential 
case 3. A ring gear is fixed with the deferential case 3 by a bolt, and the ring 
gear is meshed with a drive gear of a power transmission line. Thus, the 
deferential case 3 is rotated by a driving force of the engine through the power 

25 transmission line. 

[0052] In the each inner circumference of the deferential case 3, there 
are formed spiral oil grooves 13 and 14 introducing the oil with the rotation of the 
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deferential case 3- 

[0053] As illustrated in Fig. 2, four of pinion shaft 17 are fixed in the 
deferential case 3 around a ring-shaped boss portion 15. A chamfered portion 19 
is formed on an outer edge of individual pinion shaft 17. The chamfered portion 
5 19 is engaged with a groove 21 of the deferential case 3 and connected in a 
rotational direction. A pinion gear 23 is held on each pinion shaft 17 in a 
rotatable manner. 

[0054] Output side side-gears 25 and 27 are arranged in the deferential 
case 3. The left side-gear 25 is welded with a boss portion 29, and the right 

10 side-gear 27 is formed integrally with a boss portion 31. The side-gears 25 and 
27 are individually splined with a right and left axles through the boss portions 29 
and 31, and positioned by a snap ring 32. 

[0055] Each side-gear 25 and 27 is held from outside in the radial 
direction by being engaged with the pinion gear 23. Between the pinion gear 23 

15 and the deferential case 3, there is arranged a spherical washer 33. The 
spherical washer 33j, bears a centrifugal force- of the pinion gear 23 and an 
engaging reaction force applied to the pinion gear 23. 

[0056] The boss portion 29 of the left side-gear 25 is held by a support 
member 35 of the deferential case 3 in a rotatable manner, and the boss portion 31 

20 of the right side-gear 27 is held by the boss portion 12 of the deferential case 3 in 
a rotatable manner through the right axle. A thrust washer 37 is interposed 
between the right side-gear 27 and the deferential case 3 to receive engagement 
thrust force of the side-gear 27. In addition, the pinion shaft 17, the pinion gear 
23, the side-gears 25 and 27 are allowed to move on the groove 21 in the axial 

25 direction. 

[0057] The bevel gear type differential 39 is thus constructed. 



2 



THIS PAGE BLANK (MS5^3> 



[0058] The driving force of the engine to rotate the deferential case 3 is 
distributed from the pinion shaft 17 to the side-gears 25 and 27 through the pinion 
gear 23, and then transmitted to both right and left wheels through each axle. In 
case a difference in a driving resistance occurs between the wheels when the 
5 vehicle runs on a rough road, the driving force of the engine is differentially 
distributed to each wheel by a rotation of each pinion gears 23. 

[0059] A multiple clutch 43 (i.e., a factional clutch) is arranged between a 
top portion 41 of the left side-gear 25 and the deferential case 3. Also, a 
hydraulic actuator 45 is positioned on the left side of the multiple clutch 43, and a 

10 radial piston pump 47 is positioned the left side of the hydraulic actuator 45. 

[0060] As illustrated in Figs, 1 and 3, the multiple clutch 43 comprises a 
plurality of outer plate 49 and inner plate 51 arranged alternately. Each outer 
plate 49 engages with an axial groove 55 of the deferential case 3 at four of their 
convex portion 53 in a movable manner. Also, each inner plate 51 engages with 

15 an axial groove 55 of the top portion 41 in a movable manner. A back ring 59 is 
interposed between the multiple clutch 43 and the^deferential case 3, and the back 
ring 59 receives the thrust force to the mviltiple clutch 43. 

[0061] As illustrated in Fig. 1, a piston 61 of the hydraulic actuator 45 is 
arranged between a pump case 63 (i.e., a cylinder member) of the radial piston 

20 pump 47 and the deferential case 3 through seal rings 65 and 67 in a movable 
manner in a radial direction. A cylinder 69 of the hydraulic actuator 45 is formed 
among the piston 61, the pump case 63 and the deferential case 3. A thrust 
washer 71 is interposed between the hub portion 29 and the pump case 63, and 
the thrust washer 71 receives an engagement thrust of the side-gear 25. 

25 [0062] As illustrated in Figs. 1 and 4, the radial piston pump 47 is 

arranged in a room of the deferential case 3. The radial piston pump 47 
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comprises a pump case 63, a cam member 73, ten pieces of a radial piston 75, ten 
pieces of coil spring 77 (i.e., an energizing member: compulsory operating means), 
and suction side check valves 79 and discharging side check valves 81 arranged 
for each radial piston 75 and so on. 
5 [0063] The pump case 63 is fixed with the deferential case 3 by the bolt 

83. The cam member 73 is so connected with the side-gear 25 as to rotate 
integrally by a spline portion 85 arranged between an outer circumference of the 
boss portion 29 of the left side-gear 25. This cam member 73 is positioned 
between an inner circumferential side of the pump case 63 and the deferential 
10 case 3 in a relatively rotatable manner. As illustrated in Fig. 4, a cam face 91 
having six pieces of a convex portion 87 and six pieces of a concave portion 89 on 
the outer circumference of the cam member 73. 

[0064] A thrust washer 92 is individually interposed between the cam 
member 73 and the deferential case 3, and the cam member 73 and the pump case 
15 63, so as to prevent abrasion resulting from a slide movement. 

[0065] Each radial piston 75 is positioned in the cylinder 93 fomied on the 
pump case 63 movably in the radial direction, each coil spring 77 is arranged 
outside of the cylinder 93 to push the radial piston 75 to the cam face 91. 

[0066] The strength of the coil spring 77 is adjusted to be bent by 
20 receiving a centrifugal force of the radial piston 75. 

[0067] As illustrated in Figs. 1 and 5, each check valve 79 of suction side 
comprises: a suction port 97 which is formed on the cover 7 of the deferential 
case 3, and which is communicated with the cylinder 93 through the oil passage 
95 of the pump case 63; and a valve 99 which opens and closes from the radial 
25 piston 75 side. The check valve 79 allows the oil to flow from the suction port 
97 to the cylinder 93, and interrupts the oil to flow from the cylinder 93 to the 



4 



THIS PAGE BLANK (usp-d> 



suction port 97. 

[0068] As illustrated in Figs. 1 and 6, each check valve 81 of discharging 
side comprises: a discharge port 101 connecting the cylinder 93 formed on the 
pump case 63 and the cylinder 69 of the hydraulic actuator 45; and a valve 103 
5 which opens and closes from the hydraulic actuator 45 side. The check valve 81 
allows the oil to flow from the suction port 101 to the cylinder 69 of the hydraulic 
actuator 45, and interrupts the oil to flow from the cylinder 69 to the suction port 
101. 

[0069] As illustrated in Fig. 6, the valve 103 is formed by integrating lead 
10 valves 105 opening and closing each suction port lOlby a ring member 106, and 
fixed with the pump case 63 by the bolt 83. 

[0070] An oil pocket 107 is movmted on a side face of the cover 7 in a 
liquid-tight condition. This oil pocket 107 is joined with a fixing member in a 
slidably rotatable manner toward the cover 7, and forms an oil chamber 109 
15 between the cover 7. The suction port 97 of the suction side check valve 79 
Opens to the oil chamber 109r^ ^ ; . \ , . 

[0071] An oil pipe 111 is connected with the oil pocket 107. This oil 
pipe 111 connects the oil reservoir 10 of the deferential carrier and the chamber 
109 through an oil strainer and the control valve. 
20 [0072] Further, an orifice 113 is formed in the piston 61 of the hydraulic 

actuator 45, 

[0073] The deferential apparatus 1 is thus constructed. 

[0074] When the differential gear mechanism 39 rotates differentially, in 
the radial piston pump 47, the pump case 63 of the deferential case 3 side and the 
25 cam member 73 of the left side-gear 25 side rotate relatively, and each radial 
piston 75 is moved by the cam face 91 of the cam member 73 in the radial 
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direction. As a result of this, the radial piston pump 47 is actuated. 

[0075] At this moment, the radial piston 75 is pushed into the cylinder 93 
by an energizing force of the coil spring 77, and the radial piston 75 facing to the 
concave portion 89 of the cam face 91 is pushed by the coil spring 77 and 
5 compulsory back to the concave portion 89 side, 

[0076] In the cylinder 93, in which the radial piston 75 is compressed, the 
suction side check valve 79 is closed by a positive pressure of the oil, and the 
discharging side check valve 81 is opened. Consequently, the oil is fed to the 
hydraulic actuator 45. 

10 [0077] Then, in the cylinder 93 in which the radial piston 75 pushed back, 

the discharging side check valve 81 is closed by a negative pressure of the oil, and 
the suction side check valve 79 is opened. Consequently, the oil is sucked up 
from the oil reservoir 10 to the cylinder 93 through the oil pipe 111, the oil 
chamber 109, the suction port 97 and the oil passage 95. 

15 [0078] In each cylinder- 93, the above-mentioned routine is carried out 

alternately even when the differential gear mechanism 39 rotates differentially in 
any of the direction, so that the oil is sucked up continuously from the oil 
reservoir 10 and fed to the hydraulic actuator 45. 

[0079] The hydraulic actuator 45 presses to apply the multiple clutch 43 

20 through the piston 61, when the oil is fed thereto. 

[0080] A frictional resistance of the multiple clutch 43 thus obtained and a 
pimiping function of the radial piston pump 47 establish a differential limiting 
force. The deferential action the differential gear mechanism 39 is limited by 
this differential limiting force. Since those frictional resistance and pumping 

25 function increase as the rise in the deferential speed, this differential function 
limiting function is a deferential speed response type. 
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[0081] When the oil pressure is applied to the cylinder 69 of the hydraulic 
actuator 45, an appropriate amount of the oil containing an air is discharged from 
the orifice 113 of the piston 61. The discharged oil lubricates the multiple clutch 
43, each engaging portion and sliding portion of the differential gear mechanism 
5 39, a sliding portions of the pinion gear 23, the pinion shaft 17, spherical washer 
33 and so on. The oil is then discharged from an opening 115 formed on the 
deferential case 3 to outside by a centrifugal force, and returned to the oil 
reservoir 10 of the deferential carrier. 

[0082] Further, an oil leakage is scarcely occurs in the radial piston pump 

10 47, and the radial piston pump 47 comprises ten sets of the radial piston 75 and 
the cylinder 93. Therefore, unlike the prior art illustrated in Fig. 11 using one 
set of a gear pump in which an oil leakage occurs frequently, a sufficient 
discharging amount of the oil and a high discharging pressure can be ensured. 
For this reason, the pumping function and the applying force of the frictional 

15 clutch are enhanced, and a large differential limiting force can be obtained. 

[0083] Accordingly, in the- vehicle employing the deferential apparatus 1, 
a kinematic performance is sufficiently improved by the large differential limiting 
force. For example, a slippage of a driving wheel on a rough road is prevented so 
that road ability and running stability are significantly improved. Additionally, a 

20 sufficient differential limiting function can be obtained even when the diferential 
speed (AN) is low. 

[0084] Moreover, as explained above, the coil spring 77 is adjusted to be 
bent by the centrifugal force of the radial piston 75. Therefore, when the 
differential speed rises significantly, a stroke of the radial piston 75 becomes 

25 small so that the discharging pressure is lowered, the frictional resistance of the 
multiple clutch 43 and the pumping function of the radial piston pump 47 are 
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reduced, and a differential lock is prevented. Also, since the radial piston pump 
47 is hard to be affected by a change in the oil temperature, the radial piston pump 
47 sucks sufficient amount of the oil and discharges the oil with a high pressure, 
even if the oil temperature drops, 
5 [0085] For this reason, a large differential limiting force can be obtained 

even if the oil temperature cannot be raised in the winter time. 

[0086] Moreover, since the radial piston 75 is returned by the coil spring 
77 compulsory to the concave portion 89 of the cam face 91, the differential 
limiting force limiting the differential action is established as soon as the 
10 differential rotation occurs. Therefore, the road ability and the running stability 
are improved when the vehicle is running on a rough road or accelerated. 

[0087] Additionally, the coil spring 77 of the compulsory operating means 
is cheap so that the cost can be ciirbed. 

[0088] In the prior art, a structure of the check valve mechanism 
15 establishing the differential limiting force by using a gear pump for both occasions 
when the vehicle is driven forward and backward* is very complicated. On the 
other hand, according to the radial piston pump 47, it is possible to obtain the 
differential limiting force for both occasions when the vehicle is driven forward 
and backward only by arranging the check valve 79 on the oil reservoir 10 side 
20 (i.e., the suction side), and arranging the check valve 81 on the hydraulic actuator 
45 side (i.e., the discharging side). 

[0089] Thus, the structure of the check valve mechanism (i.e., the check 
valves 79 and 81) is simple and a number of the parts is small so that the cost is 
low. 

25 [0090] Since the valve 103, which is formed integrally with a plurality of 

the lead valves 105 using the ring member 106 as a base portion, is employed in 
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*> the discharging side check valve 81, a number of the parts is reduced significantly 

in comparison with the case in which valve pieces are formed separately. Also, a 
displacement of each lead valves 105 with respect to the suction port 101. 
Therefore, a movement of the check valve 81 is stabilized so that the differential 
5 limiting function is stabilized. 

[0091] Furthermore, as explained above, sufficient oil discharging amount 
and high oil discharging pressure can be ensured by using the radial piston punip 
47. Therefore, unlike the prior art in which a big gear pump has to be used to 
improve the oil discharging amount and so on, it is unnecessary for the deferential 
10 apparatus 1 to be big and heavy. Also, it is unnecessary to narrow a housing 
space the multiple clutch 43 so as to avoid a growth in size. Therefore, 
deterioration in the differential limiting force can be prevented. 



9 



* 



THIS PAGE BLANK 



4t 



THIS PAGE BLANK 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES;-.. . / 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



